Abstract: This paper investigates how deposit insurance and capital adequacy affect bank risk for five developed and nine emerging markets over the period of 1992-2015. Although full coverage of deposit insurance induces moral hazard by banks, deposit insurance is still an effective tool, especially during the time of crisis. On the contrary, capital adequacy by itself does not effectively perform the monitoring role and leads to the asset substitution problem. Implementing the safety nets of both deposit insurance and capital adequacy together could be a sustainable financial architecture. Immediate-effect analysis reveals that the interplay between deposit insurance and capital adequacy is indispensable for banking system stability.
Introduction
Banking crises have a long history, spreading over a hundred years from the 18th century until the latest one in December 2016, which was triggered by the resignation of the Italian prime minister upon a failed referendum to amend their constitution to give the government more power. A banking crisis usually has an adverse effect on the overall economy. The Great Depression in 1930s and the Global Financial Crisis (GFC) in 2008 are two most prominent examples of banking crises. The great depression in the 1930s was caused by the loss of confidence in financial institutions and the widespread insolvency of debtors, resulting in bank panic and bank runs, while the 2008 GFC was triggered by the liquidity shortfall in the US banking system, caused by subprime lending and resulting in many bank runs, and also a loss of confidence in the financial system. These examples highlight the importance of maintaining public confidence and financial system stability.
One of the major roles played by banks is to accept deposits from their clients. Bank deposits are basic and common instruments that people use to park their funds. Individuals usually perceive bank deposits as the least risky investments, due to the deposit guarantee that is made by their governments. As noted above, the failure of the banking system could lead to potentially disastrous events such as financial crises and recessions. As such, to protect bank depositors, many countries have set up financial safety nets such as deposit insurance, bank regulation and supervision, central bank lender-of-last resort facilities, and bank insolvency resolution procedures. To ensure that banks The remainder of this paper is organized as follows. Section 2 reviews the related literature. Section 3 describes the data and the methods. Section 4 presents the empirical results. Section 5 concludes.
Literature Review
To promote a healthy financial system and avoid bank run, regulators provide financial safety nets such as deposit insurance, bank regulation and supervision, a central bank lender of last resort facilities, and bank insolvency resolution procedures. Among these tools, this paper focuses on capital adequacy and deposit insurance, and the interaction between the two.
Capital Adequacy and Bank Risk
As noted by Demirgüç-Kunt and Kane (2002) , a deposit insurance scheme could lead to moral hazard problems, as banks have incentives to take excessive risk. As such, regulators need to establish some regulations to alleviate this moral hazard problem. Kim and Santomero (1988) argue that bank capital regulation is a way to curb excessive risk-taking by banks. Further, Calem and Rob (1999) examine the effect of capital adequacy and risk taking in the banking industry from 1984 to 1993, and find that the relation between capital and risk-taking is U-shaped. That is, when a bank first increases its capital, risk is lowered. However, as the level of capital keeps rising, the risk increases. Similarly, Blum (1999) notes that capital adequacy rules may increase the bank's riskiness. More recently, Lin et al. (2005) examine the relation between bank failure and capital adequacy in the banking industry in Taiwan from 1993-2000, and find a significant positive relation between the two. Hao and Zheng (2015) show that competition in the banking industry can reduce risk taking activities by banks. Therefore, with competition, banks with low capital engage in lower risk in lending. Shrieves and Dahl (1992) and Altunbas et al. (2007) document a positive association between changes in bank capital and risk-taking. Some prior studies suggest that higher regulatory capital requirements result in lower bank risk-taking. For instance, Keeley and Furlong (1990) report that higher regulatory capital requirements reduce the moral hazard problem generated by deposit insurance, and as a result, they weaken incentives for banks to take on higher risk. Similarly, several empirical studies such as Jacques and Nigro (1997) for American banks, Ediz et al. (1998) for British banks, Konishi and Yasuda (2004) for Japanese banks, and Maji and De (2015) for Chinese banks, report an inverse association between bank capital and risk-taking.
Recently, Ashraf et al. (2016) investigate the effect of risk-based capital requirements on bank risk-taking behavior, using a panel data set of Pakistani banks. They find that commercial banks reduce asset portfolio risk in response to stringent risk-based capital requirements. Ashraf et al. (2017) study the effect of trade openness on bank risk-taking behavior using a sample of 291 banks from 37 emerging markets. The results suggest that higher trade openness diminishes bank risk-taking. Ashraf (2018) document that higher trade openness promotes bank development by raising the volume and decreasing the cost and risk of bank credit.
Deposit Insurance and Bank Risk
A bank run happens when depositors withdraw their deposits simultaneously, due to concerns over the bank's solvency. Panic withdrawals by depositors during a bank run could destabilize the banking system. Therefore, the government introduces deposit insurance to protect depositors, banks, and the financial system. Illiquidity is often known as the prime cause of a bank run. Diamond and Rajan (2005) document the contagious nature of bank failures by arguing that bank failures can squeeze the common pool of liquidity, leading to the exacerbation of aggregate liquidity shortages, and eventually a contagion of bank failures and a total collapse of the system. They further suggest that it is difficult to determine what causes a banking crisis, as liquidity and solvency problems interact and cause each other. Levy-Yeyati et al. (2010) examine bank runs in Argentina and Uruguay over the period of 2000-2002 and find that macroeconomic risk is also a key factor for a bank run.
Given that a bank run can lead to a meltdown of the system, it is important for the government to intervene and to provide a safety net to the system. Diamond and Dybvig (1983) propose a deposit insurance system to promote stability for the banking system. Existing studies on the effect of deposit insurance on bank risk-taking and the potential for banking sector fragility are mixed. For example, Wheelock and Wilson (1995) and Alston et al. (1994) find no relationship between historical US bank failure rates and deposit insurance. Karel and McClatchey (1999) also find no evidence that the adoption of deposit insurance increases the risk-taking of US credit unions. On the other hand, Grossman (1992) , Wheelock (1992) , and Thies and Gerlowski (1989) document a positive and significant relationship between deposit insurance and bank risk. Similarly, Demirgüç-Kunt and Detragiache (2002) find recent evidence of a positive relation between deposit insurance and the probability of a banking crisis in a sample of 61 countries over the period 1980-1997. More recently, Acharya and Mora (2015) empirically study the onset of the 2007-2009 crisis and find that deposit inflows into banks weakened-this increased banks' loan-to-deposit shortfalls. As this problem worsened, banks needed to attract deposits by offering higher rates, but the resulting private funding was insufficient to cover the shortfalls and, as a result, they reduced new credit. Obviously, banks weather this crisis through the government's support. Angkinand (2009) investigates how deposit insurance systems and the ownership of banks affect the degree of market discipline on banks' risk-taking, and document a U-shaped relationship between explicit deposit insurance coverage; she also finds that banks' risk-taking is influenced by country-specific institutional factors, including bank ownership. Anginer et al. (2013) study how deposit insurance affects bank risk during the recent crisis, and suggest that deposit insurance works well during a crisis, but it leads to moral hazard during normal times.
Further, some studies empirically explore the impact of deposit insurance coverage. Demirgüç- Kunt and Detragiache (2002) find that a greater coverage of deposit insurance leads to more bank risk. Imai (2006) provides evidence that changing from a blanket deposit insurance to limited coverage results in less risk-taking in the banking industry in Japan. Schotter and Yorulmazer (2009) also report that partial insurance reduces bank risk. However, Madiès (2006) does not support such findings. Shy et al. (2014) compare three systems of deposit insurance: no deposit insurance, unlimited deposit insurance, and limited deposit insurance. They show that limited deposit insurance coverage softens the bank competition for deposits, and this leads to a loss in total welfare, compared with unlimited or no deposit insurance. Limited deposit coverage induces some depositors to transfer money between banks, in order to improve their insurance coverage. Therefore, they conclude that limited deposit insurance will soften the lending rate competition, and that banks can target specific borrowers with less competition. This implies that limited deposit insurance leads to higher bank risk.
The Interplay
Cooper and Ross (1988) extend the Diamond-Dybvig model to theoretically analyze the effect of deposit insurance in the presence of capital adequacy requirements. They theoretically show that regardless of whether the deposit insurance is full or partial, banks will take excessively risky projects. Thus, capital requirements are needed in order to overcome the adverse incentive problem from deposit insurance. In their model, the combination of these two regulatory policies can generate the first-best allocation. Manz (2009) concludes that capital adequacy regulation is not a substitute for deposit insurance. An insight from Manz's model is that blanket deposit insurance can be detrimental, and an optimal level of deposit insurance and its interaction with capital regulation can be beneficial in risk reduction. 1 1 In the literature, capital adequacy regulation and deposit insurance can be viewed either as substitutes or complements. To the extent that they are substitutes, when one mechanism exists, the other is less likely to be adopted. According to Manz (2009) , however, these two mechanisms can be complements and therefore they can co-exist and be beneficial.
Data and Methodology

Data
As shown in Table 1 , our sample includes 2129 banks from five developed and nine emerging countries from 1992 to 2015. The key variables of interest in this paper are deposit insurance and capital adequacy. Transition dates for deposit insurance are from various sources as follows. The data for Australia, Germany, and Denmark are sourced from Demirgüç-Kunt et al. (2014) . The others are collected from the research paper of the International Association of Deposit Insurers (IADI) from 2005 and 2012. Based on the transition dates reported in Table 1 , we define the limited guarantee of deposit insurance dummy variable (LDI) as 0 for full deposit insurance and 1 otherwise. Bank characteristics are sourced from Bankscope. For bank capital adequacy, which is another key variable of interest, we follow Demirgüç- , and we define capital adequacy (CAR) as the risk-adjusted regulatory capital ratio, calculated according to Basel rules (the sum of Tier I and Tier II capital, divided by the risk-adjusted assets and off-balance sheet exposures).
To measure bank risk, we used two accounting based measures as follows. First, we followed Laeven and Levine (2009) and computed the z-score, a common measure of bank risk in the banking literature, as the summation of the current bank return on assets (ROA), which is the net income divided by the total assets and the bank's equity-to-assets ratio, scaled by the standard deviation of the return on assets over the full sample period. The lower z-score indicates a higher bank risk. Following Laeven and Levine (2009) , we use the natural logarithm of the z-score in our analysis due to the highly-skewed distribution of the z-score (as reported in Table 2 below). Another accounting-based measure of bank risk adopted in this paper is the earnings volatility, which is the standard deviation of the ratio of earnings before tax and loan loss provision to the average assets from year t to t − 5.
In addition, we include various bank-and country-level control variables as follows. For the bank-level control variables, for each bank and each year, we include provisions (loan loss provisions divided by total assets), bank size (natural logarithm of total assets), deposit representation (deposits of each bank divided by total deposit of each country), leverage (equities divided by total assets), revenue growth (total revenue (EBIT) over the past year), and loan proportion (net loans divided by total assets). 2 This table reports the descriptive statistics of all variables included in this study for the full sample, the developed and the emerging markets. Log(Z-Score) is the natural logarithm of the average return on assets (ROA) plus the equity-asset ratio, divided by the standard deviation of ROA. Earning volatility is the average standard deviation of the ratio of total earnings before taxes and loan loss provisions to the average total assets over the past five years. CAR is the Capital Adequacy Ratio: Tier I capital plus Tier II capital, divided by the risk-weighted assets. LDI is a dummy variable, being 1 for limited deposit insurance and 0 otherwise. LLP is the loan loss provision divided by the net interest revenue. Log(Asset) is the natural logarithm of total assets. Deposit represent is the percentage of the bank's deposits to the total deposits in each country. Equity/Total Assets is the ratio of equity to total assets. Revenue growth represents the growth in total revenues (EBIT) of the bank over the past year. Loan measures the net loans to the total assets. Log(GDP Per Capita) is the natural logarithm of the gross domestic product divided by midyear population. Trade/GDP is the sum of the exports and imports of goods and services measured as a share of the gross domestic product. Log(Population) is the natural logarithm of the total population of each country. Stock Market capitalization/GDP is the ratio of stock market capitalization to GDP. GDP Growth Volatility measures the variance of GDP growth for the previous five years. Firm-level data are collected from Bankscope, while country-level data are sourced from World Bank. N represents the number of observations, while µ and σ are the mean and standard deviation, respectively. The sample period for each country is as stated in Table 1 .
To deal with potential omitted variables, we also control for a number of country-level variables, as both bank risk and deposit insurance can be affected by the economic conditions in a country. We draw these measures of economic development from the World Bank's World Development Indicator (WDI) database. We use the natural logarithm of GDP per capita as the proxy for the economic development of a country, the variance of the GDP growth rate for economic stability, the natural logarithm of the population for country size, and imports plus exports of goods and service divided by GDP for global integration (see Karolyi et al. 2012 ) and finally, the stock market capitalization divided by the GDP (Beck et al. (2010) for differences in financial development). Finally, to capture the effect of the global financial crisis (GFC), we also include the GFC dummy variable, taking a value of 1 for the years of 2007 to 2009, and zero otherwise. Table 2 reports the summary statistics of all the variables included in this study for the full sample, both the developed and emerging markets. The two proxies for bank risk appear to measure different aspects of bank risk, as we find contrasting results for the developed and emerging markets. That is, for the Log(Z-score) variable, we find higher means and volatility in the emerging markets than those in the developed markets. The higher mean of Log(Z-score) implies a lower bank risk in the emerging markets, and longer distant to default (less likely to be bankrupt). However, for the earnings' volatility variable, we find that, on average, banks in the emerging markets experience higher earnings volatility, indicating a higher bank risk in the emerging markets. It should be noted that higher earnings volatility in the emerging markets, nonetheless, reflects unstable revenue growth, rather than a more direct measure of the probability of default.
Almost all bank-level variables, except for the ratio of net loans to total assets, have higher means in the emerging markets than in the developed markets. This implies that banks in the emerging markets are larger in size, have higher loan loss provisions, higher percentage of the bank's deposits to total deposits, higher equity-to-total assets ratio, and higher revenue growth, than banks in the developed markets. For the country control variables, we find that emerging markets have smaller stock markets and lower GDP, but higher GDP growth volatility, trades, and population. Further, dispersions of all independent variables in the emerging markets are larger than those in the developed markets.
Empirical Modelling
To investigate the relationship between deposit insurance and bank risk, we estimate the following panel regression model:
where Risk ijt is bank risk measured by the log of the z-score at the end of year t. β 1 , β 2 , β 3 are the coefficients to be estimated. LDI ijt is the type of deposit insurance, 0 for blanket deposit insurance and 1 for limited deposit insurance. GFC stands for global financial crisis, and it equals 1 for the years of the global financial crisis (2007) (2008) (2009) , and 0 otherwise. We include a number of control variables that are consistent with prior studies (Laeven and Levine 2009; Ashraf et al. 2016; and Ashraf et al. 2017; Ashraf 2018) . Control ijkt is a matrix of bank-level control variables, which include LLP (loan loss provision), log(assets), Deposit (the percentage of the bank's deposits to total deposits in each country), Equity (equity to total assets), Revenue Growth (growth in EBIT of the bank over the past year) and Loan (net loan to total assets), and ∑ N k=1 β k are their coefficients to be estimated. Country izt is a matrix of country-level control variables, which includes log(GDP per capita), Trade/GDP (the sum of exports and imports of goods and services divided by GDP), log(population), stock market capitalization/GDP, and GDP growth volatility (the variance of GDP growth for the previous five years). 3 Risk ijt is also measured by the earning volatility as an alternative to bank risk. GFC × LDI ijt is the interaction term that represents the impact of type of deposit insurance and its role on bank risk during the global financial crisis. Finally, ε ijt is a disturbance term.
In testing the relationship between bank risk and capital adequacy, we estimate the following panel regression model:
where CAR ijt is the Capital Adequacy Ratio, computed as Tier I capital plus Tier II capital, divided by the risk-weighted assets. GFC × CAR ijt is the interaction term, which represents the impact of the 3 Ashraf et al. (2017) , using a sample of 291 banks from 37 emerging countries, report that stronger trade openness diminishes bank risk-taking. Trade openness provides diversification opportunities to banks in lending activities, which decreases the overall bank risk. In addition, Ashraf (2018) finds that higher trade openness promotes bank development by increasing the volume and decreasing the cost and risk of bank credit.
Capital Adequacy Ratio and its role on bank risk during the global financial crisis. The others are the same as in (1). Next, to investigate the interplay between deposition insurance and capital adequacy on bank risk, we fit the following panel regression models:
The variables in (3) and (4) are the same as in (1) and (2). Additionally, CAR ijt × LDI ijt is the interaction term, which represents the interplay between the Capital Adequacy Ratio and the type of deposit insurance and their interplaying effect on bank risk. GFC × CAR ijt × LDI ijt is the interaction term, which represents the impact on bank risk of both Capital Adequacy Ratio and type of deposit insurance and their interplaying role during the global financial crisis.
We divide the whole sample into two sub samples, one for the developed markets and the other for the emerging markets and repeat the testing for Models 1 to 4. Table 3 reports the panel regression results for Models 1 to 5, where, using the log of z-score, we investigate the relation between overall deposit insurance, capital adequacy, and bank risk. Model 1 focuses on bank risk when deposit insurance is the only tool that is adopted by the authorities. As shown in Model 1, we find a positive and significant relation between the log of the z-score and limited deposit insurance, a negative and significant relation between the log of the z-score and the GFC dummy, and between the log of the z-score and the interaction term of LDI and GFC. Taken together, we argue that (i) a reduction in the deposit insurance, or limited deposit insurance, reduces bank risk; (ii) bank risk increases during the GFC period; and (iii) a reduction in insurance or limited deposit insurance intensifies bank risk during the GFC period. When deposit insurance is the only tool that is adopted by the authorities, our findings are evidence of the moral hazard problem during the normal time, while a panic-driven period may warrant the need for blanket deposit insurance, as documented by Anginer et al. (2013) . Further, we find evidence that is consistent with Demirgüç-Kunt and Kane (2002), who argues that deposit insurance could lead to the moral hazard problem, and that limited coverage is an important way to mitigate such excess risk-taking by banks.
Empirical Results
Deposit Insurance, Capital Adequacy, and Bank Risk
The coefficients of the control variables are generally consistent with the expectations, and with the results from prior research. For instance, larger banks with more total assets experience lower risk. Banks with larger deposits experience less risk. Banks in more wealthy countries (higher GDP per capita) sustain lower risk. Banks in countries with more GDP volatility exhibit higher risk. The sample consists of 2129 banks from 14 countries. The dependent variable is the log of the z-score, computed as the natural logarithm of the bank's return on assets, plus the capital asset ratio divided by the standard deviation of asset returns. The LDI is set to 0 for blanket deposit insurance, and 1 for limited deposit insurance. CAR is the Capital Adequacy Ratio computed as Tier I capital plus Tier II capital, divided by risk-weighted assets. GFC is 1 for the years of the global financial crisis (2007) (2008) (2009) , and 0 otherwise. LLP is the loan loss provision divided by the net interest revenue. Log(Assets) is the natural logarithm of the total assets. Deposit Representation is the percentage of the bank's deposits to the total deposits in each country. Equity is equity-to-total assets. Revenue growth is the growth in total revenues (EBIT) of the bank over the past year. Loan is the net loans to total assets. Log(GDP Per Capita) is the natural logarithm of GDP divided by the midyear population. Trade/GDP is the sum of exports and imports of goods and services, measured as a share of the GDP. Population is the total population of each country. Stock Market capitalization/GDP is the stock market capitalization divided by GDP. GDP growth volatility is the variance of GDP growth for the previous five years. Panels A and B report full sample and subsamples, respectively. The p-values shown in Panel B are based on the Chi-square tests for the equality of coefficients on interaction terms in two subsamples with developed and emerging countries. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Model 2 considers the effect of capital adequacy on bank risk using the log of the z-score, when capital adequacy is the only tool that is adopted by the authorities. We find a negative and statistically significant relation between CAR and the log of z-score, and between the GFC dummy variable and the log of z-score. Taking these together, we argue that (i) a higher capital adequacy induces a higher bank risk, (ii) bank risk increases during the GFC period, (iii) during the GFC period, higher capital adequacy has no impacts on bank risk. This evidence suggests that capital adequacy does not perform an effective monitoring role. Our findings confirm a positive relation between capital adequacy and bank risk, as documented by Calem and Rob (1999) , Blum (1999) , and Lin et al. (2005) . Hao and Zheng (2015) also show that, with the competition in the banking industry represented by the number of interstate branches, there is a positive relationship between capital adequacy and bank risk. Moreover, Zhang et al. (2015) find that all three regulations, Tier I leverage ratio, Tier I Capital ratio, and Tier I risked-based capital ratio are very important for controlling bank risk, especially in the post-crisis period. Bornemann et al. (2014) also conclude that capital reserves, within the financial accounting framework, are effective in controlling bank risk.
We argue that this positive relation between capital adequacy and bank risk implies that capital adequacy alone may not be an effective tool for monitoring bank risk, as it leads to the asset substitution problem. The asset substitution problem refers to an agency conflict where shareholders prompt the firm to take riskier investments, which in turn causes an adverse effect on the bondholder. Higher capital or equity exacerbates such an agency problem. Generally, the asset substitution problem becomes more severe during a stressful period. In our case, with a high level of capital adequacy, banks act on shareholders' (owners of the banks) interests by taking on more risky loans to increase the bank's profit, resulting in an adverse effect to depositors with limited deposit insurance. This implication for the asset substitution problem is in line with Blum (1999) , who shows that, in a dynamic framework under the binding capital requirements of bank, the additional value of banks will be created with an additional unit of equity. The reason for this is that raising equity is excessively costly. The only way to compensate for such a cost is to engage in risk-taking activities.
Model 3 considers the effect of both deposit insurance and capital adequacy on bank risk, when both tools are adopted by the authorities. Overall, we find largely consistent results as in Model 1. The bank risk is heightened during the GFC period and a reduction in deposit insurance reduces bank risk. Similar to Model 2, capital adequacy has no relation with bank risk. However, the combined effect of both a reduction in the deposit insurance and the use of capital adequacy intensifies bank risk.
Model 4 considers the influence of the GFC on the effect of both deposit insurance and capital adequacy on bank risk, when both tools are adopted by the authorities. We find a positive and statistically significant relation between LDI and the log of the z-score, and also between the log of the z-score and the interaction term between capital adequacy and the GFC dummy variable. We find a negative and statistically significant relation between the GFC dummy and the log of z-score, and between the log of the z-score and the interaction term among LDI, capital adequacy, and the GFC dummy variable. These findings imply that bank risk heightens during the GFC period, but that an increase in capital adequacy during that period reduces bank risk. As such, capital adequacy appears to perform its monitoring role well during the GFC period. On the contrary, a reduction in deposit insurance, together with an increase in capital adequacy during the GFC period, intensifies bank risk. The combination of capital adequacy and limited deposit insurance heightens the asset substitution problem during the time of turmoil. Further, this is also consistent with the findings from Model 1 stating that during the stressful time, there might be a need for blanket insurance.
Furthermore, we partition the sample into the developed versus the emerging markets (results not shown, but available upon request). We find stronger results in the developed markets. When deposit insurance is the only tool that is adopted by the authorities, we find that for both the developed and the emerging markets, a reduction in deposit insurance reduces bank risk during the normal time. This is evidence of the moral hazard problem due to deposit insurance during the normal time, but not during the stressful period (Anginer et al. 2013) . When capital adequacy is the only tool that is used by regulators, we find no relation between capital adequacy and bank risk in the emerging markets, but capital adequacy increases bank risk in the developed markets. This implies that capital adequacy may not be effectively used or enforced in the emerging markets. (Calem and Rob 1999; Blum 1999; Lin et al. 2005; Hao and Zheng 2015) . The combined tools show an adverse effect during the normal time for the developed markets. However, the combined tools do not show any significant impact during the stressful time in either the developed or emerging markets. During the global financial crisis, a reduction in deposit insurance and an increase in capital adequacy does not significantly affect bank risk. Table 4 reports the results when earnings volatility is used as a proxy for bank risk. We find that limited insurance coverage reduces risk significantly. This result supports the argument that the moral hazard problem is associated with the use of blanket deposit insurance. However, this relationship is not significant in the emerging markets. An increase in capital adequacy significantly reduces bank risk, as shown in Models 3 and 4. Interestingly, when these two regulatory tools are simultaneously used, limited deposit insurance and increased capital adequacy ratio significantly intensifies bank risk. The sample consists of 2129 banks from 14 countries. The dependent variable is the earning volatility, computed as the standard deviation of the bank's earnings over the past five years. LDI is set to 0 for blanket deposit insurance, and 1 for limited deposit insurance. CAR is the Capital Adequacy Ratio computed as Tier I capital plus Tier II capital, divided by the risk-weighted assets. GFC is set to 1 for years of the global financial crisis (2007) (2008) (2009) ) and 0 otherwise. PREM is set to 0 for countries that use a fixed premium, and 1 for a risk-adjusted premium of deposit insurance. LLP is the loan loss provision divided by the net interest revenue. Log(Assets) is the natural logarithm of total assets. Deposit Represent is the percentage of the bank's deposits to the total deposits in each country. Equity is the equity to total assets. Revenue growth is the growth in total revenues (EBIT) of the bank over the past year. Loan is the net loans to total assets. Log(GDP Per Capita) is the natural logarithm of GDP divided by the midyear population. Trade/GDP is the sum of exports and imports of goods and services, measured as a share of GDP. Population is the total population of each country. Stock Market capitalization/GDP is the stock market capitalization divided by the GDP. GDP growth volatility is the variance of GDP growth for the previous five years. Panels A and B report full samples and subsamples, respectively. The p-values shown in Panel B are based on the Chi-square tests for the equality of coefficients on the interaction terms in two subsamples with developed and emerging countries.
The Immediate Effect of Deposit Insurance Reduction on Capital Adequacy and Bank Risk
In this section, we further investigate in Tables 5 and 6 how the timing of deposit insurance reduction, together with capital adequacy, affects bank risk. Table 5 uses the log of the z-score as the proxy for bank risk. Model 5 indicates that blanket insurance, limited insurance, and capital adequacy, each used by itself, are not an effective tool in bank risk reduction. Consistent with the findings in Table 3 , we also find that the GFC period intensifies bank risk. However, when deposit insurance (blanket or limited) is used together with capital adequacy, these tools become effective, as evidenced by the bank risk reduction. Further, findings from Model 5 also highlight that blanket insurance during the GFC period lowers bank risk. This warrants blanket insurance during the stressful time. The findings from Model 6 are largely consistent with those from Model 5, with additional evidence supporting the benefit of blanket insurance and capital adequacy during GFC. Overall, we find that deposit insurance (blanket or limited) by itself leads to the moral hazard problem, while capital adequacy by itself does not perform the monitoring role well (Demirgüç-Kunt and Kane 2002; Davis and Obasi 2009; Schotter and Yorulmazer 2009) . However, when capital adequacy and deposit insurance are both adopted, capital adequacy does the monitoring job well, and it alleviates the moral hazard problem of the deposit insurance scheme (Cooper and Ross 2002) . Finally, during the stressful period, with capital adequacy serving as a monitoring tool, it may be beneficial to implement blanket deposit insurance rather than a reduction in deposit insurance (Madiès 2006) .
Partitioning the sample into the developed versus emerging markets, we again find stronger results in the developed markets. The results from the developed markets are consistent with those that are reported for the full sample. Table 6 uses earnings volatility as the proxy for bank risk. The results from this table are in line with those in Table 5 . Overall, the evidence on the immediate effect supports our main findings, as reported in Appendix A. The sample consists of 2129 banks from 14 countries. Dependent variable is log of z-score, computed as the natural logarithm of the bank's return on assets plus the capital asset ratio divided by the standard deviation of asset returns. Pre is set to 1 for the year preceding the year of transition to limited deposit insurance, and zero otherwise. During is set to 1 for the year of transition to limited deposit insurance and zero otherwise. CAR is the Capital Adequacy Ratio computed as Tier I capital plus Tier I capital, divided by the risk-weighted assets. GFC is 1 for years of global financial crisis (2007) (2008) (2009) , and 0 otherwise. LLP is the loan loss provision divided by the net interest revenue. Log(Assets) is the natural logarithm of the total assets. Deposit Represent is the percentage of the bank's deposits to total deposits in each country. Equity is the equity to total assets. Revenue growth is the growth in total revenues (EBIT) of the bank over the past year. Loan is net loans to total assets. Log(GDP Per Capita) is the natural logarithm of GDP divided by the midyear population. Trade/GDP is the sum of exports and imports of goods and services, measured as a share of GDP. Population is the total population of each country. Stock Market capitalization/GDP is the stock market capitalization divided by GDP. GDP growth volatility is the variance of GDP growth for the previous five years. Country dummies are included. The p-values shown in the table are based on the Chi-square tests for the equality of coefficients on interaction terms in two subsamples with developed and emerging countries. Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1 The sample consists of 2129 banks from 14 countries. The dependent variable is earning volatility, computed as the standard deviation of the bank's earnings over the past five years. Pre is set to 1 for the year preceding the year of transition to limited deposit insurance, and zero otherwise. During is set to 1 for the year of transition to limited deposit insurance, and zero otherwise. CAR is the Capital Adequacy Ratio computed, as Tier I capital plus Tier II capital, divided by risk weighted assets. GFC is 1 for the years of global financial crisis (2007) (2008) (2009) , and 0 otherwise. LLP is the loan loss provision divided by the net interest revenue. Log(Assets) is the natural logarithm of the total assets. Deposit Represent is the percentage of the bank's deposits to total deposits in each country. Equity is the equity to total assets. Revenue growth is the growth in total revenues (EBIT) of the bank over the past year. Loan is net loans to total assets. Log(GDP Per Capita) is the natural logarithm of the GDP divided by the midyear population. Trade/GDP is the sum of exports and imports of goods and services, measured as a share of GDP. Population is the total population of each country. Stock Market capitalization/GDP is stock market capitalization divided by GDP. GDP growth volatility is the variance of GDP growth for the previous five years. Country dummies are included. The p-values shown in the table are based on the Chi-square tests for the equality of coefficients on interaction terms in two subsamples, with developed and emerging countries. Robust standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Conclusions
Given the recent fragility of the financial market, due to its exposure to various risks, it is important to thoroughly investigate the effectiveness of regulatory tools in curbing potential disastrous events. Our paper focuses on how regulatory tools (deposit insurance and capital adequacy) impact bank risks. To test the effectiveness of these regulatory tools in risk reduction, we conduct empirical tests for countries that introduce limited deposit insurance policies, and test its interaction with capital adequacy requirements. We further investigate how the timing of deposit insurance reduction, together with capital adequacy affects bank risk. Overall, we find that these tools used separately are not effective in curbing bank risk. In particular, capital adequacy leads to the asset substitution problem, while blanket insurance could lead to the moral hazard problem. However, the interplay between these two regulatory tools demonstrate their abilities to reduce bank risk.
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